
36-201:Statistical Reasoning

1. [12 points;3 for eachpart]

(a) As you tossa fair coin (probabilityof heads� 0.5) moreandmoretimes,the fractionof tossesthat
areheadswill typically getcloserandcloserto 1/2,if thetossesareindependentof oneanother. (mark
oneboxonly)�XTrue.�

False.

(b) As you tossa fair coin (probabilityof heads� 0.5) moreandmoretimes,thenumberof headswill
typicallygetcloserandcloserto half thenumberof tosses,if thetossesareindependentof oneanother.
(markoneboxonly)�

True.�XFalse.

(c) Thepopulationof studentsatacertaincollegespendsanaverageof 2 hoursoutsideof classonhome-
work assignments,for every hour in classlectureor lab. Joepolls a randomsampleof 36 students
in oneof his classes,andhediscoversthat theaveragetime thesestudentsspendoutsideof classon
assignmentsis 2.6hoursperhourin class.

Thenumber2 is a (markoneboxonly)�
Statistic.�XParameter.

(d) In part(c), thenumber2.6 is a (markoneboxonly)�XStatistic.�
Parameter.
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2. [26 points]This pastSundaymorningI wasmakingoatmeal(honest!)andI noticedthefollowing story
printedon thebox:

“Gr eatNews!TownConfirmsOatmealMayHelpLowerCholesterol”

“100 peoplein Lafayette,Coloradovolunteeredto eata good-sizedbowl
of oatmealfor 30 days to see if simple lifestyle changes—like eating
oatmeal—couldhelp reducecholesterol.After 30 days,98 loweredtheir
cholesterol.With thesegreat results,the peoplein Lafayetteproved to
themselvesthatsimplelifestylechangescanmakea realdifference.”

Following upon thisstudyathttp://www.quakeroats.com, I foundthatparticipantswererecruited
through“word-of-mouthbuzz and adsin local papers”,and that the averagedrop in cholesterolfor the
groupwasabout25 mg/dl (milligramsper deciliter).This result is consistentwith thegeneralknowledge
thatdietarychangesandexercisecanbeeffective in reducingcholesterollevels.TheNationalHeart,Lung
andBlood Instituterecommendsthat healthypeoplekeeptotal cholesterolto 200 mg/dl or less,andthat
above 240mg/dl is unhealthy, soa reductionof 25mg/dl soundsprettygood.

(a) [4 points]Thestudyin thisstorywasan(markonebox only)�XExperiment. The treatment was decided beforehand.�
ObservationalStudy.�
[Can’t tell from theinformationgiven.]

(b) [6 points]A longerdescriptionof thestudyathttp://www.quakeroats.com containsthepas-
sage“Mitch Kanter, Ph.D.,directorof clinical researchfor Quaker Nutrition, thedivision of Quaker
Oatsthat analyzedthe Lafayettedata,saidthat factorsotherthanoatmealconsumptioncontributed
to theimpressive numbers.” Nameany two plausiblefactors—besideseatingtheoatmealitself—that
couldhave contributedto thereducedcholesterollevelsandexplainwhy they areplausible(onesen-
tencefor eachfactor).

There are many possible answers. Here are some

� The subjects were sensitized to their eating habits and changed their diets in other ways
that would reduce cholesterol.� The subjects were sensitized to health habits (oatmeal is a “healthy food”) and so they
decided to increase their daily exercise level.� The subject made some other lifestyle change, like quitting smoking, that the student
thinks is associated with lowering cholesterol (student must write that he/she thinks
there’s a connection).� Only subjects who were also taking a cholesterol-lowering medicine participated in the
study (perhaps because they were generally motivated to reduce their cholesterol level,
etc.).

[continuedonnext page]
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(c) [4 points]Who is likely to have conductedthestudy?(markonebox only)�XTheQuaker OatsCompany.�
An independentresearchorganization. This is not acceptable.�XCan’t tell from theinformationgiven.

(d) [4 points]Whatcanyoudefinitelyconclude,onthebasisof thisstudyalone,abouttheeffectsof eating
oatmealon loweringcholesterollevels?(markoneboxonly)�

Eatingabowl of oatmealeverydayreducescholesterollevelsby asignificantamount.�
Making peopleawareof their healthhabitsby having themto eatoatmealevery daywill cause
themto changetheir lifestyles,resultingin lowercholesterol.�
Thepeoplewhovolunteeredfor thisstudywerereadyto changetheir lifestylesto reducecholes-
terol levels.�XMaybe eatingoatmealor changingyour lifestyle can reduceyour cholesterollevels, but it’s
difficult to evaluatetheseclaimsfrom thisstudy.

(e) [8 points]Designasimplestudythatwouldbebetterfor determiningwhethereatingabowl of oatmeal
everydayreducescholesterollevels,by answeringthefollowing questions(onesentenceeach):

I expect/hope that most answers are like the following; let me know if some are not. . .

� How shouldsubjectsin yourstudybechosen:
Take a representative sample from the population of interest.� Whattreatment(s)shouldbegiven:
There should be at least two treatments, an “oatmeal” treatment and a “non-oatmeal”
treatment.
The non-oatmeal treatment could be a “no change in diet” treatment, or it could be an
alternative diet item, like bagels or poptarts or whatever. . . , or it could be a “thou shalt
not eat oatmeal” treatment, for example.� How shouldtreatment(s)beassignedto subjects:
Randomly of course!� How wouldyoucontrolfor theconfoundingeffectsyou listedin part(b) above:
The answer should be relevant to the student’s previous answers. Here are some an-
swers that are relevant to my answers above.

– Getting a representative sample and randomly assigning them to treatments solves
the “self selection bias” problem.

– To solve the problem of having the oatmeal sensitize the subjects to other lifestyle
changes (diet, exercise, smoking, etc.), every treatment group should get lots of
informational seminars on the benefits of lifestyle changes for reducing cholesterol,
and the benefits of lowering your cholesterol.
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3. [25 points]Telephonepolling of a thousandpeopleor soby randomdigit dialling is currentlythemost
commonmethodusedby polling organizationssuchasGallup,Harris,andthemajornews networkssuch
asCBSandABC. With theWorld Wide Web’s (WWW) tremendousgrowth, however, anonlinepoll could
compileliterally tensof thousandsof opinionsquickly andat a fractionof thecostof traditionaltelephone
surveys. As part of a reporton the potentialusesof WWW-basedsurveys, the Pew ResearchCenterfor
PeopleandthePress(http://www.people-press.org) comparedresultsof severaldifferentsurveys
conductedimmediatelyfollowing Clinton’s televisedaddressin mid-August1998admittingan improper
relationshipwith MonicaLewinsky. Thereversalof percentagesfavoringaClintonresignationin thesurveys
in Table1 is striking.

ShouldClinton America — Trad.TelephonePolls—
Resign? Online Gallup ABC CBS
Yes 52% 23% 36% 21%
No 48% 72% 61% 61%
Don’t know/Other 0% 5% 3% 18%
Total 100% 100% 100% 100%
SampleSizes ( � �������
	���
�� ) ( � ��
���� ) ( � ������� ) ( � ������� )

Table1: AmericaOnline (AOL) resultsbasedon responsesfrom 118,565AOL userswho voluntarily an-
sweredthequestion.Resultsfrom Gallup,ABC, andCBSarefrom nationaltelephonesurveys conductedat
approximatelythesametime,following Clinton’s televised(mid-August1998)address.

(a) [10points]SamplesfromtelephonesurveyscanbetreatedasapproximatelySRS’s.Computeamargin
of error for the Gallup poll, andmake a confidencestatementaboutthe percentof US adultswho
favoredClintonresigningat thattime(fill in theblanksbelow, usethespaceprovidedfor yourwork).

If youuse �� ������� in theSEcalculation: If youuse �� ��������� in theSEcalculation:

��� �  !"������#$!"������#&%�
����'�(���)�*������+,�- � � �/. �0� �1�
����+�2
Sointerval runsfrom�3+4�)����2 5&6 ���*����+�2

�0� �  !"�������3#$!"���7+���#&%�
����8�9���)�*��
����,�- � � �:. �0� �;�
�����42
Sointerval runsfrom�3+4�7+�
�2 5&6 ���*�����42

[continuedonnext page]
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(b) [5 points]Thesamplesizefor theCBSsurvey wasalmosttwice thatof theGallupsurvey. Check all
thatapply:�

Thelargersamplesizefor theCBSsurvey will resultin lessbiasedsurvey results.�XThelargersamplesizefor theCBSsurvey will resultin moreprecisesurvey results.�
Youcan’t comparethebiasandprecisionof thetwo surveys,because(fill in theblank):

.

(c) [5 points]Thesamplesizefor theAmericaOnline(AOL) survey wasmuchlarger thanfor theCBS
survey. Check all thatapply:�

Thelargersamplesizefor theAOL survey will resultin lessbiasedsurvey results.�
Thelargersamplesizefor theAOL survey will resultin moreprecisesurvey results.�XYoucan’t comparethebiasandprecisionof thetwo surveys,because(fill in theblank):

The AOL survey is not a random sample (e.g.) .

(d) [5 points]Write down oneplausibledifferencebetweenthepeoplewhorespondedto theAOL survey
andthosewho respondedto thetraditionaltelephonesurveys, thathelpsexplain thedifferentsurvey
results.(Onesentenceonly.)

For example. . .

� The AOL’ers are a self-selected sample and hence not representative of the population
of US adults, say.� The AOL’ers are more well-to-do, techie-nerd types, etc., etc.

4. [25 points]In thegeneralU.S.population,therateof casesof HIV (thevirusthatcausesAIDS) is roughly
30peopleper100,000,sotheprobabilityof a randomlysampledUScitizenhaving HIV is roughly0.0003.
A medicaltestis beingdevelopedto detectthepresenceof theHIV virus; but aswith every medicaltest,
the testreads“positive” for bothHIV carriers(truepositives)andsomenon-carriers(falsepositives).The
probabilityof apositive readingfor thistestis about0.0009.Finally theprobabilitythatarandomly-selected
personwouldbothhave HIV andtestpositive by this testis about0.00029.

(a) [5 points]Hereis a joint probabilitytablefor thisproblem.Fill in themissingcells.

(B) TestsPositive?

Yes No Total

(A) Has
Yes 0.00029 0.00001 0.00030

HIV?
No 0.00061 0.99909 0.99970

Total 0.00090 0.99910 1.00000
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(b) [4 points]Below is a genericVennDiagramfor problemswith two simpleevents,A andB. Let A �
“HasHIV” andlet B � “TestsPositive”. Shadein thepartof thediagramcorrespondingto “A andnot
B”. Fromthejoint probabilitytableabove,write theprobabilityof A andnotB here:

<>=
A andnotB ? � 0.00001

@

ACBED�F�G�HJIKDMLKB

N

OO P ARQ N

(c) [8 points]Of thepeoplewhohave HIV, whatpercentwould testpositive by this test?

<>= NTS A ? � <>= ARQ N ?<U= A ? � 0.00029

0.00030
� V
��W�X

Wouldyousaythis is aneffective test?Explainwhy or why not (onesentenceonly).

Yes. Nice high rate of detection of cases.

(d) [8 points]Of thepeoplewho testpositive by this test,whatpercentwouldactuallyhave HIV?

<>= A S N ? � <>= ARQ N ?<U= N ? � 0.00029

0.00090
� V
��Y�Z

Would you want to implementthis testfor everyonein theUS population?Explainwhy or why not
(onesentenceonly).

No. Too many (2/3) of people who test positive are not really HIV carriers.
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5. [12 points;3 for eachpart] Thepopulationof studentsat a certaincollegespendsanaverageof 2 hours
outsideof classon homework assignments,for every hourin classlectureor lab. TheSD for all studentsis
1.2hours.Halfway throughtheintroductorystatisticscoursethere,Joebeginsto suspectthatthetimespent
workingonassignmentsfor this coursedoesnot follow thedistribution of thewholecollege.Hedecidesto
poll a randomsampleof 36 of his classmates,andhediscoversthat theaveragetime thesestudentsspend
outsideof classonassignmentsis 2.6hoursperhourin class.

(a) Thestandarderrorof themeanin Joe’s sampleis (markoneboxonly)�
1.2hours.�X0.2hours.

(b) What makesit OK to apply the 68–95–99.7rule to the sampleaverageandits standarderrorhere?
(markoneboxonly)�XTheCentralLimit Theorem�

TheLaw of Averages

(c) How surprisingis the averagehomework load for studentsin Joe’s statisticsclass?Using the 68–
95–99.7rule, theprobabilityof seeinga sampleaverageequalto or greaterthan2.6, from a random
sampleof 36studentsfrom thewholecollege, is approximately(markoneboxonly)�X0.15%�

33.0% (Acceptable if (a) was 1.2)�
30.9% (Acceptable if (a) was 1.2)

(d) Thismakesit (markoneboxonly)�
somewhatlikely (Acceptable if (a) was 1.2)�Xunlikely

thatthestudentsin Joe’s introductorystatisticscoursehave thesamehomework loadasthecollegeas
awhole.
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